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everse total shoulder arthroplasty, anatomic total shoulder arthroplasty, humeral head resurfacing, and hemiarthroplasty are increasingly common in orthopedic surgery practice. Successful radiologic evaluation of these different types of shoulder reconstruction requires an understanding of their fundamental hardware design, physiologic objective, normal postoperative imaging appearance, and the appearance of complications. Part 1 of this concepts review will detail the epidemiology and history of shoulder arthroplasty, preoperative imaging assessment, humeral head resurfacing, and hemiarthroplasty. Part 2 will review anatomic total shoulder arthroplasty, reverse total shoulder arthroplasty, and nonprosthetic glenoid resurfacing options for younger patients.
Petscavage et al. [6] . These implants were successful except for high failure rates of glenoid loosening and superior impingement in patients with rotator cuff deficiency. In response, in 1985, the reverse total shoulder arthroplasty was designed to shift the center of rotation at the shoulder joint and compensate for those with a deficient rotator cuff [7] .
Charles Neer [8] implanted the first hemiarthroplasty for a humeral head fracture in the 1950s. Modifications in this design have occurred in combination with advances in anatomic total shoulder arthroplasty because similar stemmed humeral components are used. Meanwhile, Steffee and Moore [9] placed the first humeral head resurfacing in the late 1970s using a hip resurfacing implant to fit the dimensions of the humeral head. The goal of the design was to retain the humeral neck and > 50% of the humeral head to restore normal biomechanics. A recent biomechanical study showed lower rates of glenoid wear with resurfacing arthroplasty than standard hemiarthroplasty designs [10] . A new concept in the past 5 years is use of partial resurfacing of the humeral head for focal osteochondral defects, trauma, and avascular necrosis.
Ultimately, over the past several decades, more than 70 modifications in prosthetic shoulder design have been made. This article will review the currently used prosthetic designs.
Epidemiology of Shoulder Arthroplasty
There was a steady increase in the number of both hemiarthroplasty and total shoulder arthroplasty procedures performed in the United States between 1993 and 2008 [11] . With an overall aging population, more than two thirds of the total shoulder arthroplasties are performed annually on patients older than 65 years. Kim et al. [11] noted a relative increase of total shoulder arthroplasty over hemiarthroplasty starting in 2003, likely related to introduction of the reverse total shoulder arthroplasty. In 2008 alone, approximately 27,000 total shoulder arthroplasties and 20,000 hemiarthroplasties were performed [11] . Osteoarthritis accounted for the primary diagnoses in 77% of total shoulder arthroplasty cases and 43% of hemiarthroplasty cases. The second most common diagnosis for hemiarthroplasty was proximal humeral fracture (33%).
Preoperative Radiologic Evaluation and Measurements
Several important radiologic assessments should be made on preoperative imaging studies. Rotator cuff integrity impacts the type of arthroplasty placed. Tendon tears and fatty muscle degeneration of the rotator cuff, particularly the infraspinatus, have been shown to correlate with reduced acromiohumeral distance [12] . On an anteroposterior radiograph, an acromiohumeral distance ≤ 7 mm with superior subluxation of the humeral head suggests a large rotator cuff tear (Fig. 2) . Other findings indicative of multiple tendon tears include greater tuberosity sclerosis or irregularity, cysts at the greater tuberosity, "acetabularization" of the acromion (remodeling of undersurface due to high riding humeral head), and exaggerated groove between the greater tuberosity and the humeral articular surface [13] . In equivocal cases without these radiographic findings, ultrasound or MRI can be used to differentiate tears without tendon retraction from partial tears or an intact cuff.
Contracture or tear of the subscapularis tendon can result in anterior instability if not corrected or recognized preoperatively [14] . Preoperative radiographs should be assessed for anterior subluxation of the humerus on the axillary view. The humeral head is considered centered in the glenoid if the distance between the center of the humeral head and the center of the glenoid are within 25% of the humeral head diameter.
Another important preoperative assessment is the glenoid fossa morphology. In moderate to severe glenohumeral osteoarthritis, erosive changes and wear are usually greater in the posterior half of the glenoid articular surface, thus increasing glenoid retroversion [15] . The Walch classification of glenoid morphology is assessed on axillary radiographs or CT (Fig.  3) . Type A morphology is a centered humeral head with (A1) minor or (A2) major erosions. Type B describes a posteriorly subluxed humeral head with (B1) posterior joint space narrowing and osteophytes or (B2) posterior rim erosions and glenoid retroversion (> 2°). Type C is the most severe, with glenoid retroversion of more than 25°.
Studies have shown that failure to correct glenoid retroversion predisposes to joint instability, posterior subluxation, and glenoid component loosening due to abnormal forces across the implant and cement-bone interfaces [16] . It is recommended that surgeons either graft the erosions or ream the glenoid in an attempt to align the glenoid prosthesis perpendicular to the scapular axis. Before CT, the glenoid version was measured on axillary radiographs. However, radiographs have been shown ineffective in assessing the glenoid version because of overlapping bones, variation in radiographic technique, and variability and complexity of scapular anatomy [17] .
Friedman et al. [18] defined the glenoid version as the angle between a line drawn from the medial border of the scapula to the center of the glenoid and the line perpendicular to the face of the glenoid on the axial 2D CT slice at or just below the tip of the coracoid (Fig. 4A) . However, axial 2D CT version measurements depend on the relation of the plane of the scapula to the axis of the CT scanner. It has been shown that every 1° of abduction of the scapula increases the value of glenoid anteversion by a mean of 0.42° [19] . Hoenecke et al. [20] showed 3D CT to be more accurate in detecting posterior glenoid erosion. Another study showed greater than 5° difference in measurements of version between 2D CT and 3D CT images in nearly 50% of patients [21] .
Thus, 3D CT is suggested as the most accurate preoperative means of assessing glenoid version and morphology. On 3D CT, a vertical line can be drawn on the 3D surface of the glenoid face, centered in the anteroposterior direction (Fig. 4B) . A transverse 2D plane is then generated perpendicular to the midpoint of the vertical line passing through the scapular axis (center of glenoid and tip of scapular spine) to obtain an image for glenoid version angle measurement [21] (Fig. 4C ).
Humeral Head Resurfacing Indications
The concept of humeral head resurfacing was introduced as a means of preserving the humeral head in younger active patients, allowing native humeral head inclination and humeral head-shaft angle [22] . The native humeral head-shaft angle is intact because no osteotomy is performed [23] . This bypasses the risk of periprosthetic fracture of the humeral shaft in a stemmed implant and preserves bone stock for future revision surgery [24] . Additionally, it is an option for patients with extraarticular humeral deformities, such as malunited proximal humeral fractures and congenital defects.
The procedure involves reaming of the proximal portion of the humeral head and fitting a metal-alloy cap over the remainder of the humeral head. This can be paired with a glenoid component if desired. Contraindications of humeral head resurfacing include inadequate bone stock and four-part humeral fractures [23] . Several studies have shown improved postoperative Constant scores and functional outcomes after resurfacing arthroplasty [25, 26] .
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classified as absent, slight (translation < 25%), moderate (25-50%), or severe (> 50%) [35] ( Fig. 11 ). Additional radiographic complications of hemiarthroplasty include glenoid erosions and arthritis, occurring in up to 64% of patients [28] (Fig. 12 ). Subscapularis tendon tearing is a unique complication of cuff tear arthroplasty design and is seen on radiographs as progressive anterior subluxation of the humeral component.
Radiolucency about the humeral component > 0.5 mm should be noted for size, progression, and location because it may represent aseptic loosening or small-particle disease related to polyethylene or methyl methacrylate cement. Radiolucency with periostitis and soft-tissue swelling should raise suspicion of deep infection, which is reported to occur in 0-3.9% of cases (Fig. 13A ). Staphylococcus aureus, Staphylococcus epidermidis, and Propionibacterium acnes are the most commonly isolated organisms from the cultures of postoperative shoulder infections [36] . Infection is primarily treated with explantation of the arthroplasty and placement of an antibiotic-impregnated spacer either prefabricated or mixed with cement and stabilized by a Steinmann pin (Fig. 13B) .
Stress shielding is long-term complication of hemiarthroplasty and a risk factor for aseptic loosening and periprosthetic fracture. "Stress shielding" is the term used to describe adaption of periprosthetic bone to changes in stress distribution that are induced by the humeral stem component [37] . Stress shielding has an incidence of approximately 9%. On imaging, stress shielding appears as bone (cortical) thinning and increased internal porosity (Fig. 14) .
Incidence of intraoperative fracture is reported as 1.2% during primary arthroplasty and 3.3% during revision shoulder arthroplasty, with a 2.9 relative risk using press-fit compared with cemented humeral stems [38] . Fractures involving the tuberosities (region 1 fractures) may not require fixation but if displaced are typically treated with suture fixation of the fractured tuberosity to the humeral implant and circumferentially around the proximal part of the humerus. Region 2 fractures, those involving the metaphysis, also undergo cerclage fixation with autologous bone grafting. Longer-stemmed humeral implants may be used for intraoperative fractures involving the proximal, mid, or distal humeral diaphysis (region 3 and 4 fractures).
Postoperative fracture incidence is 1.6-2.4%, usually due to trauma [39] . The Wright and Cofield [39] classification scheme for fractures is Partial humeral head resurfacing is indicated for osteonecrosis, focal osteoarthritis of the humeral head, cuff tear arthropathy, focal erosions, Hill-Sachs lesions, and focal chondral defects of the humerus [24] . Benefits include fewer MRI and CT artifacts, intact soft-tissue envelope and bone anatomy of the joint, and shorter surgical time. The largest series of patients undergoing partial humeral head resurfacing showed that 95% of patients reported good-to-excellent results and had improved Constant scores [27] .
Design
Total humeral head resurfacing consists of a cemented or press-fit metal articularcapped component stabilized by a grooved stem of variable shape, diameter, and length (Fig. 5) . Partial resurfacing involves an articular cobalt-chromium-alloy surface component with a small central peg that mates with a tapered post, which is a headless titaniumalloy cannulated screw (Fig. 6) .
Imaging
On radiographs, the resurfacing cap should be flush against the bone and centered on the glenoid on the lateral view. There should be no radiolucency surrounding the peg. Reported complications of humeral head resurfacing include loosening, particularly on the glenoid side; proximal migration of the cup and glenoid wear; arthrofibrosis; subscapularis tendon rupture; instability with subluxation (Fig. 7) ; and two cases of periprosthetic fracture [22, 24] . The main clinical trials have shown no complications of partial humeral head resurfacing [24, 27] .
Hemiarthroplasty

Indications
Hemiarthroplasty is indicated in patients with severe proximal humerus fractures (3-or 4-part), arthritis in which glenoid bone stock is inadequate to support a prosthesis, and osteonecrosis or osteoarthritis without glenoid involvement [28, 29] . Hemiarthroplasty is not preferred for moderate or severe osteoarthritis because a meta-analysis of 23 trials showed total shoulder arthroplasty to provide significantly greater pain relief, forward elevation, gain in forward elevation and external rotation, patient satisfaction, and lower revision rates when compared with hemiarthroplasty [30] .
Design
Hemiarthroplasty usually consists of the stemmed metal humeral component of anatomic total shoulder arthroplasty without an accompanying glenoid component (Fig. 8A) . The humeral component is a minimally constrained anatomic implant consisting of a spherical metal articular surface and cemented or press-fit metal stem. In patients with rotator cuff tears and narrowing of the acromial-humeral distance, an extended-coverage humeral head (cuff tear arthroplasty) design may be used (Fig. 8B) . The head extends laterally over the greater tuberosity, decreasing contact and impingement between the acromion and greater tuberosity. The head should not overhang anteriorly because of the risk of impingement on the subscapularis tendon [29] .
Unlike the smooth contour of the original Neer components, modern humeral components are surface-textured or cemented. Cementing offers the advantages of lower mechanical failure, ability to add antibiotics to the cement to prevent infection, and stability in patients with poor bone stock. Disadvantages include difficulty of removal at revision surgery and rare cases of radial nerve injury from cement extrusion [31] .
Oncologic humeral prostheses may or may not allow reconstruction of the rotator cuff for additional joint stability (Fig. 9) . Rotator cuff reconstruction requires suture holes in the humeral prosthesis for direct attachment or a nylon/polyester (Dacron, Invista) mesh capsuloplasty for indirect attachment of the rotator cuff [32] .
Imaging and Issues in Hemiarthroplasty
Routine radiographs should include true anteroposterior views in both internal and external rotation and an axillary view. The humeral stem should be centered in the humeral shaft. The complication of excessive lateral or medial translation can result in altered load distribution, cortical bone resorption, and rotator cuff and deltoid insufficiency [33] . The height of the humeral component should be 2-5 mm measured between a line perpendicular to the greater tuberosity and a second line along the head of the prosthesis. Subsidence reflects a decrease in this vertical distance and is a clinically significant complication if the distance changes by > 5 mm [34] (Fig. 10A) . Additionally, an increase in this vertical distance resulting in an acromial humeral distance < 2 mm (Fig. 9B ) reflects either overstuffing, new rotator cuff tear, subacromial impingement from acromial spurs, or "overstuffing" from too large a head component [33] .
The axillary view is best for assessing anterior or posterior subluxation of the humeral head,
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based on degree of proximal extension (Fig.  15) . For patients undergoing hemiarthroplasty for treatment of proximal humeral fracture, poorer subjective outcomes and lower rates of postoperative arm elevation are seen when the tuberosity fragment displaces more than 0.5 cm or fails to heal [40] . Thus, attention should be made to healing and change of alignment of the preoperative fracture.
In addition to the previously mentioned complications, oncologic humeral prostheses are at risk of failure of allograft incorporation, larger area of heterotopic ossification formation, and tumor recurrence (Fig. 16) . Rates of recurrence vary depending on factors such as primary histology and extent of initial tumor.
Conclusion
Knowledge of indications, component construction, normal postoperative imaging assessment and measurements, and findings of complications is important for providing a meaningful radiologic evaluation of shoulder arthroplasty. 
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